Quality by Design is the methodical method to development concept that starts with the predefined objects. The method put emphasis on the process of development of a product, the control process, which is built on risk management and comprehensive knowledge of science. The concept of QbD applied to analytical method development is known now as AQbD (Analytical Quality by Design). Comprehension of the Analytical Target Profile (ATP) and the risk assessment for the variables that can have an impact on the productivity of the developed analytical method can be the main principles of the AQbD. Inside the method operable design region (MODR), the AQbD permits the movements of the analytical methods. This paper has been produced to discuss various views of analytical scientists, the comparison with conventional methods, and the phases of the analytical techniques. Introduction International Conference on Harmonization (ICH) Q8 (R1) guideline defines Quality by Design (QbD) as "a systematic approach to development that begins with predefined objectives and emphasizes product and process understanding and process control, based on sound science and quality risk management" [1] . The approach of QbD has been implemented in the manufacturing of pharmaceutical through numerous enterprises as Process Analytical Technology (PAT) and FDA guidelines. Recently FDA has approved new drug applications based on AQbD and termed it as benefits and importance of QbD in the analytical technique development cycle for accepting drug excipient interaction. Additionally, for the determination of critical quality attributes during the process, experiment, control, and continuous process verification to monitor the product quality trends; Hence this resonance attracting the pharmaceutical industry to evoke the AQbD [2] The elementary notion of the QbD process of testing cannot put quality into an object but rather it must be constructed into the product. An essential aspect of QbD is that it understands how the choice of constraints can have an impact on the development process. The understanding attained during the process development can assist in the formulation of the products limits and the design space best suited for a particular drug.
Introduction
International Conference on Harmonization (ICH) Q8 (R1) guideline defines Quality by Design (QbD) as "a systematic approach to development that begins with predefined objectives and emphasizes product and process understanding and process control, based on sound science and quality risk management" [1] . The approach of QbD has been implemented in the manufacturing of pharmaceutical through numerous enterprises as Process Analytical Technology (PAT) and FDA guidelines. Recently FDA has approved new drug applications based on AQbD and termed it as benefits and importance of QbD in the analytical technique development cycle for accepting drug excipient interaction. Additionally, for the determination of critical quality attributes during the process, experiment, control, and continuous process verification to monitor the product quality trends; Hence this resonance attracting the pharmaceutical industry to evoke the AQbD [2] The elementary notion of the QbD process of testing cannot put quality into an object but rather it must be constructed into the product. An essential aspect of QbD is that it understands how the choice of constraints can have an impact on the development process. The understanding attained during the process development can assist in the formulation of the products limits and the design space best suited for a particular drug.
Similar ideologies of QbD are applied in the development of analytical methods becoming Analytical Quality by Design (AQbD). In similarity to the concept of QbD, the results obtained from the AQbD process are assumed, suitable for the product and consistent in providing the envisioned performance during the lifecycle of the product. Despite a lot of discussion concerning AQbD the quality assurance personnel view AQbD as the better solution to avoid out of specifications (OOS) and out of trend (OOT) and minimize risk in method failure [3, 4] .
The comprehensive knowledge that is gained while using this concept is beneficial in the establishment of the method operable design region, (MODR). This is a multidimensional region that is centered on the process properties which influences the performance of the product [1] .
Safety and efficiency should be considered paramount by ensuring that pharmaceutical products are required to be healthy and easily reproduced. The process of creating the pharmaceutical products entails the production of information on the materials such as an intentional addition of an ingredient to a drug component. With the advancement in technology comes the change in both the quality and quantity of the material information that facilitates knowledge development [5] .
The process of AQbD is a major stage of the control strategy in the quality system of the pharmaceutical industry. This concept constitutes the constraints and features linked with the drugs and the operating environment and their related processes. Although current Good Manufacturing Process (cGMP) regulation has been in place for a long time, many of the pharmaceutical companies are still experiencing problems in relation to issues of quality control. Quality Control is emphasized in risk management during the development of the product. Therefore, due to the dependency of these pharmaceutical companies for development processes to be robust, there is a great need for the AQbD concept [6] . This is an indication of the quality of this concept, and the robustness of the product in its lifecycle.
The lifecycle assessment (LCA) approach is a rooted methodical method. The technique is used in the application of environmental effects, which has been practiced for the products. The purpose of using this approach in the analytical process is the elating the development process to the requirements of the products to develop the method reliability (figure 1) [7] .
Following the lack of explanatory reviews, this article aim focuses on different views of experts on the application of AQbD in the pharmaceutical quality system. Additionally, the article links the views with the lifecycle method.
Conventional Approach versus Analytical Quality by Design
The traditional process in the pharmaceutical industry was Quality by Testing (QbT). However, this becoming outdated; in the QbD philosophy there is assurance of the quality of the product, and hence it is more favored [8] . Currently, the pharmaceutical industry is using the QbD method to reduce the cost and time and assurance of the quality of the products [9] . The impacts of this process in the pharmaceutical industry have been expanded after the initialization of the FDA guidelines. The different methods in use include FDA cGMP, the process analytical technology. The target of the quality process is to ensure that the product is safe for use by the patients. The AQbD checks the Out-of-Trend (OOT), Out-of-Control (OOC) and Out-of-Specification (OOS) results [10] . This proves that the traditional process does not provide assurance of the product's safety. Hence the pharmaceutical industry can make huge improvements in the components of the product [11] .
Application of Analytical Quality by Design (AQbD) advantages, expectations, and obstacles
According to pharmaceutical quality systems, analytical techniques are the primary part of the control strategy. Therefore, the implementation of QbD in manufacturing as a control mechanism will ensure predetermined performance and the quality of the product [3] . This comprises attributes and parameters related to drug product and drug substances components including instrument operating conditions, facility, finished product specification, and the related analytical methods [12] .
The adoption of AQbD is expected to enhance the concept of right analytics at the right time which has an essential role in drug product development cycle [13] .
The advantages of AQbD concept in product development [14] can be pointed out: the advancement of a method that is robust; the concept is applicable in the lifespan of a product; the regulations are flexible; the movement of a product inside the design area is not seen as a variation in developments; the concept allows for constant progress during the development process; the concept evades revalidation of the product. Obstacles that hinder the application of the analytical quality by design are mainly that there is no full comprehension of this concept in the pharmaceutical industry and the absence of a clear description of the AQbD elements.
The USP Stimuli articles establish that the analytical method lifecycle comprises of three phases:
-Phase 1. The method design: the depiction of the demands and the nature of the process; -Phase 2. The validation method: guarantee that the process meets the design; -Phase 3. The life cycle management/Continued procedure performance verification confirms that the process remains in the controlled state [15] .
Method design
Method design from point of view of AQbD incorporates the Method Operable Design Region (MODR), that means defining Analytical Target Profile (ATP), the experimental design screening and establishing Critical Quality Attributes (CQA).
ATP (Analytical Target Profile)
The analytical target profile is the necessary tool for product development, as it is outlined in the ICH Q8 guidelines. ATP describes the essential requirements to be measured which influence product advancement. The ATP is a collection of all the presentation constraints that are required for the planned analytical application [16] . An ATP is advanced for every attribute which is present in the control strategy. Analytical Target Profile defines the goal of the analytical technique development process and relating the outcomes of the method to achieve QTPP. Based on EF-PIA and PhRMA ATP can be defined as a statement that defines the purpose of the method which is utilized to drive method design, selection, and development activities [3] . Analytical Target Profile is a crucial parameter in AQbD facilitating the greater constant improvement of analytical techniques and their choice when the ATP statement is approved by the regulatory authorities. Internal change control management in the pharmaceutical industry is responsible for perfect implementation of ATP to offer regulatory flexibility [12, 17] .
The general ATP of the analytical procedures comprises of [18] : selecting the target of analytic process (Active Product Ingredient API and impurities); selecting the techniques to be used in process (HPLC, GC, HPTLC, Ion Chromatography, chiral HPLC, …); choosing the required method (assay or impurity profile or residual solvents).
The selected method should be precise and accurate; these are essentially the characteristics and provide vital information for the purpose of computing an unknown amount of the material for use in the process method. In the absence of accuracy and precision, a method will not be correct. In order to achieve a method which is accurate and precise, some important characteristics need to be evaluated [19] . These characteristics could be an acceptable specification, a space that is stated linearly, adequate peak determination, or else. These characteristics ensure that widespread data set for setting the constraints of the method.
Critical Quality Attributes (CQA)
The ICH Q8 guidelines describe CQA as the chemical, microbiological, physical and biological properties of a drug. These properties should be within the constraints to guarantee that the end product is of desirable quality [20] . In the instances of process related to CQA the drug products quality characteristics for example dissolution, assay, chromatographic purity, residual solvents, microbial limits, dosage unit's uniformity, water content, suspensions, viscosity in creams, the medicament in soft gelatin capsules, and medicament are regarded as vital quality properties. While in case of AQbD considering an HPLC technique development as typical example theoretical plate count, tailing of the peak, the resolution between impurities and main analyte, capacity factor, peak purity are considered as CQA [14] .
As features of the CQA, the accuracy and correctness of the development process are to be calculated holistically, for the identification of the Target Measurement Uncertainty (TMU). This TMU is connected to the result of the development process [21, 22] . The TMU is not a measurement that can be attained on its own; rather it is the maximum measurement that can be accepted by the Measurement Uncertainty (MU) [23] .
Risk management
Risk management is defined as the systematic analytical method for the examination, regulation and, acknowledgment and validation of the threats to the quality of the finished product [24] . It is carried out throughout the lifespan of the product, which in this case is a drug product.
Risk assessment
Risk assessment is an essential phase of the risk management process. This phase improves the quality of the process. It can be defined as a single or combined view of the occurrence of any impairment or the degree of the impairment to the process. Risk assessment assists in increasing the quality of the development process. In addition, it is a factor for the impact of the initial variables on the analytic development process. Through the process of risk assessment, the perilous attributes that can disturb the quality of the end product are documented.
The important reasons for risk assessment are to identify the degree of dangers at the start of the analytic development of drug; to decrease the variety of CQA chosen; to acknowledge the suitable requirements, the constraints, and production regulations [15] .
The known methods for risk assessment are fault tree analysis; failure mode effect analysis; risk ranking and fil-tering; Failure modes and effects analysis (FMEA); Structured "What-if " Technique (SWIFT), the fishbone diagram [25] .
There are some questions [26] in the risk assessment process as:
-What mistake can take place? -What is the possibility of this happening? -What are the difficulties? In the risk assessment process, the most essential notion in the compliance phase is the concept of the decision rules. These guidelines can be defined as the acceptance or rejection of the product; this is in harmony with the measured values of the product. The constraints and uncertainty are considered in setting the acceptance limits of the possibility of making a mistake during the analytic development process. While using the established constraints, two areas are considered the acceptance and rejection areas. The product is then subjected to the tests if the product lies in the rejection area, it is considered as compliant, or otherwise, the product is declared defective [27] .
Risk control phase
It is essential to decrease the dangers to a satisfactory level; risk control is divided into two categories. These categories are risk reduction and risk approval.
In risk reduction, there are two steps: remedial activities in order to solve the inconsistency and remedial activities to ensure the inconsistency are not repeated [28] .
In risk acceptance, the steps are the assumptions of dimensions to be considered; the conclusions on the nature of the measurements; defining the following actions to be applied; managing the review of the process; risk statement, the administration can decide on the steps to be taken. The Sturdiness of the product should be examined in all the lifecycle of the product. This feature is vital in the process of selecting the best plan for authorization. The analytical processes developed at the initial stage are determined by the assortment of an inclusive procedure and the corresponding information of the product (Figure 2 ).
Design of experiments (DoE) in AQbD concept
The robustness of the product should be examined in all the lifecycle of the product. This feature is vital in the process of selecting the best plan for authorization. The analytical processes developed at the initial stage are determined by the assortment of an inclusive procedure and the corresponding information of the product [29] .
The design space attributes and AQbD are applied to the analytical development process to intensify the suppleness of the process and reduce the dangers that can affect this process. Design of Experiments (DoE), is a credible method used to create the link between the raw products and the end products of the process. Normally the DoE is applied in the (QbD) process by defining the limits of the measurements and attributes in the development process. Experts can apply the DoE to find the operating ranges of the process [30] . Reducing the number of experiments, for example, is essential as it prevents time and money wastage in the development process. Saving time as well money is only attainable through the assessment of the potential risks while ranking them by considering the extent of their severity essential in owing to the number of prior arguments [31] .
When applied correctly the DoE can provide a big improvement in precision and robustness subsequently reduce the errors realized in the development process [32] . The DoE method for validation aims at validating the method for a wide variety of concentration; this ensures that any changes in concentration within limits of design space will not need extra validation, because the changes are in the characterized area [21] . Lately, more attention has been put on the DoE applied to the analytical development process.
The DoE has three main applications: the process advancement for new processes or existing ones that need upgrading; analytical process verification; measuring the impact of the analytic methods on the products [33, 34] .
Method control strategy
The process of creating a control strategy is essential in ensuring that the process is performed as planned on the foundation of the ATP objectives. A process control strategy is a prearranged set of constraints that is aimed at reducing the inconsistency of the process. This method is reliant on the statistics of the whole process. The data which is created during the development and verification process is the foundation of the control strategy. The attributes that are found to have risks have to be managed. The attributes that are high risk are given additional consideration. The control strategy is defined for the attributes which have low risks and can be accomplished. This control strategy is defined and entails the suitable process appropriateness check and verification consistently. Doing this ensures that the process supplies a product with the desired attributes.
Process analytical technology (PAT)
PAT is a scheme for assessing, planning and regulating the quantities of the analytical process; it is done constantly in the lifecycle of a product. PAT ensures that the features and quality of the product will be as planned [35] . In the ICH Q8 guidelines PAT is described as a method that assures product remains in the established design space. In a method which is more vigorous, PAT will ensure that active regulation of the attributes and the appropriate alterations of the limits in the setting of initial materials which would otherwise affect the quality of drug are detected [36] .
Knowledge management
This is the notion of gathering, treating and checking the data from all the previous phases. This ensures that the control strategy is accurate.
Analytical control strategy (ACS)
The ATP's primary focus is the identification of the potential risks arising from making incorrect decisions. Contrary to the problem of making improper decisions, decision rules that govern the process of decision-making may not be essential all the time. First, the company should link the acceptable level of risk to the safety of patients. Therefore, the Target Measurement Uncertainty (TMU) aims at maximizing the acceptable uncertainty to meet the ATP hence ensuring an accomplishment of the fitness-forpurpose necessary for the process of analysis. ACS, on the other hand, plays an essential role in providing consistency of TMU during the whole process of analytical procedure ( Figure 3 ).
Method validation
Method validation entails clarifying that the chosen method will provide information that meets the guidelines of the ATP, in the predicted conditions. Subsequently, the attribute presentation requirements must be put in place before the predicted presentation of the analytical development process. The analytical techniques used in the process of presentation of the prerequisite study should be recognized from the information that is accessible. Method validation can also be understood as the process of verifying and recording of any evidence, method, and apparatus which should be installed correctly. This would, in turn, ensure that the process leads to the results which had been predicted [39] .
Continued procedure performance verification / Lifecycle Management
The last phase of the AQbD process, this phase involves linking the critical quality attributes, the analytical target profile, the MODR, and risk assessment of the process with preceding information considerations. The lifecycle management of the process offers the background for describing the method of development of the analytical process, ensuring that it meets planned standards throughout the life of the product [8] . The lifecycle method is determined by the methods which satisfy the constraints, suitable risk assessment is done to reduce the chances of the product failing to meet the standards.
The following stages can advance the analytical development of the product lifecycle [40] advancement of the measuring; advancement of the decision rule; advancement of the ATP; choosing the analytical process that meets the set guidelines.
The adaptation of the previous concepts and the existing concept are used in the verification of the analytical process to support the consistency of the product that is to be examined. And for the development of the reliability of the analytical method throughout the increasing of the understanding and decreasing of the variability. This is done to ascertain that the analytical process correlates with the planned objectives specified in the analytical process. The lifecycle concept is an addition of the existing advantages of the AQbD concept [24] .
Regulatory prospect
In line with pharmaceutical guidelines, the analytical process plays an important part in the control strategy. The analytical process ensures that the planned performance and quality of the finished product is achieved through the use of the analytical QbD in the drugs manufacturing process [41] . The execution of AQbD is depended on the notion of correct examination on the appropriate time; this adopts a vital role in the drug production process. Hence, analytical QbD execution in the production process as a control strategy ensures that the product meets the set standards [3] . Currently, the problem relating to the faultiness in the analytical method is becoming more prominent especially concerning the departments responsible for the transfers and quality control, considering the robustness of the whole process. The FDA's letter to the pharmaceutical companies which gives more interest to the reliable analytical techniques has in the recent past given rise in the Quality control. Therefore, the success of the company depends on the Quality by Design (QbD) employed in the analysis of the methods [16] .
Conclusions
Quality by Design (QbD) is a concept extensively used now in the pharmaceutical industry than the traditional process. This method reduces product unpredictability and the connected dangers that can be incurred. The execution of Analytical Quality by Design (AQbD) in the product development is done through understanding the critical quality attributes, risk assessment and determination of the design space. The execution of QbD to the analytical development process has its advantages. The process provides a systematic approach; with the approach one is likely to explain the rudimentary and misleading concerns. In addition, the Design of experiments (DoE) strategy helps the assessor with more useful and precise data about the analytical process development. Through having a good Fig. 3 . An illustration of how ATP, CQA, and the TMU relate to one another [9] . © copyright 2016 U.S. Pharmacopeial convention (USP).
understanding of the ATP and the MODR, one can create an analytical procedure that is suitable for the demands of the ATP.
Consequently, it is important to use the application software of a computer to get more accurate data of the investigation. The AQbD approach to the lifecycle of the analytical method performance focuses on the envisioned purpose of the analytical procedures. This allows for the basic interpretation of the analytical process. Nonetheless, it is the ATP which incorporates the TMU in the analytical development process. The decision rule permits acceptable probabilities to be established, these probabilities are made with the aim that all the dangers can be handled.
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